The hyphae of filamentous fungi are compartmentalized by septa that have a central pore. The fungal septa and septum-associated structures play an important role in maintaining cellular and intrahyphal homeostasis. The dolipore septa in the higher Basidiomycota (i.e., Agaricomycotina) are associated with septal pore caps. Although the ultrastructure of the septal pore caps has been studied extensively, neither the biochemical composition nor the function of these organelles is known. Here, we report the identification of the glycoprotein SPC18 that was found in the septal pore cap-enriched fraction of the basidiomycetous fungus Rhizoctonia solani. Based on its N-terminal sequence, the SPC18 gene was isolated. SPC18 encodes a protein of 158 amino acid residues, which contains a hydrophobic signal peptide for targeting to the endoplasmic reticulum and has an N-glycosylation motif. Immunolocalization showed that SPC18 is present in the septal pore caps. Surprisingly, we also observed SPC18 being localized in some plugs. The data reported here strongly support the hypothesis that septal pore caps are derived from endoplasmic reticulum and are involved in dolipore plugging and, thus, contribute to hyphal homeostasis in basidiomycetous fungi.
Compartmentalization of fungal hyphae dates back to the origin of the Dikarya lineages (i.e., Ascomycota and Basidiomycota), which occurred approximately 500 to 600 million years ago (5, 22, 23) . Septa play an important role in the biology of filamentous ascomycetous and basidiomycetous fungi, as they separate the fungal hyphae into functional cellular compartments and give the hyphal filaments rigidity. In addition, they are involved in mycelial differentiation (19) . The regularly formed septa have a central pore through which protoplasm streams continuously and organelles like mitochondria can pass (35) . Consequently, mycelia act as functional coenocytic systems and need some mechanism to restrict the effects of cellular damage within the system. Therefore, a damaged hyphal compartment needs to be isolated from the rest of the mycelial body to prevent cell lysis. In the filamentous Ascomycota group (Pezizomycotina), Woronin bodies, which are closely associated with the septum, seal the septal pores upon damage (24, 32, 56) . In Neurospora crassa, it was shown that Woronin bodies confine the peroxisomal HEX-1 protein (24) . Homologues of this protein have been found in other Pezizomycotina species like Aspergillus nidulans, Aspergillus oryzae, Botrytis cinerea, Trichoderma reesei, and Magnaporthe grisea (13, 24, 26, 44, 49) , but not in ascomycetous yeasts (Saccharomycotina) nor in basidiomycetous fungi (24, 49) .
Within the three main lineages of the phylum Basidiomycota, i.e., the Pucciniomycotina (equivalent to Urediniomycetes [47] ), Ustilaginomycotina (equivalent to Ustilaginomycetes [47] ), and Agaricomycotina (equivalent to Hymenomycetes [47] ), the septum morphology and associated structures clearly differ. Members of the Pucciniomycotina and the Ustilaginomycotina have hyphal septa with a central pore. The septum is tapered toward the pore, like the septa in ascomycetous fungi, but lacks Woronin bodies and elaborate septal pore caps (SPCs) (3, 48) . The Agaricomycotina fungi, on the other hand, are characterized by septa that are flared toward the pore, forming a barrel-shaped structure, the dolipore, and are associated with SPCs (9, 17, 21, 35, 37, 39) . The endoplasmic reticulum (ER) is connected at the base of the SPC, thus suggesting that the SPC is a subdomain of the ER (9, 18, 36) . The ultrastructure of SPCs has been studied extensively, and based on these observations, several functions of the SPC have been proposed. SPCs may act as a sieve to discriminate between organelles that may pass through the septal pore (55), they may guide cytoplasmic streams toward the pore (41) , and they may function in protoplasmic streaming to protect the dolipore region in such way that protoplasmic streaming is not disturbed by organelles (10) . Alternatively, they may be involved in dolipore plugging (1, 31, 38, 50) .
In this study, we report for the first time the identification of an SPC protein. The glycoprotein SPC18 was found in the SPCenriched fraction of the filamentous basidiomycetous fungus Rhizoctonia solani. We show that SPC18 is an ER protein that is located in both the SPCs and the pore-plugging material. The presented data clearly support the hypothesis that SPCs are part of the ER and are involved in dolipore plugging in hyphae of the higher Basidiomycota fungi.
MATERIALS AND METHODS
Preparation of an SPC-enriched fraction. SPCs were enriched from R. solani (CBS 346.84) by isopycnic centrifugation, as described by van Driel et al. (53 4 per liter) with agitation at 175 rpm at 25°C. Mycelium was harvested and subsequently disrupted by using a French press (American Instrument Company, Silver Spring, MD). The cell extract was subjected to isopycnic centrifugation on a density gradient of 30 to 50 to 70% (wt/vol) sucrose. The SPC fraction on top of the 70% sucrose layer was treated with 2% (wt/vol) Triton X-100 (GE Healthcare, Uppsala, Sweden), followed by centrifugation at 5000 ϫ g for 1 h. SPCs were enriched in the resulting pellet.
Fluorescence microscopy. ER was stained with ER-Tracker (Invitrogen, Breda, The Netherlands) or brefeldin A conjugated to BODIPY 558/568 (BODIPY-BFA) (Invitrogen) according to the manufacturer's instructions. Mycelium samples were mounted on glass slides for light microscopy using a Zeiss Axioskop microscope (Carl Zeiss AG, Oberkochen, Germany). The filter set BP365, FT395, and LP397 was used for ER-Tracker, whereas filter set BP510-560, FT580, and LP590 was used for BODIPY-BFA. Broken mycelial fragments were stained with wheat germ agglutinin (WGA) conjugated to Alexa 488 (1:40 dilution; Invitrogen). Confocal laser scanning microscopy was performed with a Leica TCS NT microscope (Leica Microsystems, Wetzlar, Germany) using an excitation wavelength of 488 nm.
Protein analysis. Protein content was determined using the bicinchonic acid method as provided by the supplier (Pierce, Rockford, IL), using bovine serum albumin (BSA) as a standard. Protein samples were concentrated by the addition of 9 volumes of ice-cold acetone. After a 30-min incubation on ice, samples were centrifuged for 10 min at 14,000 rpm at 4°C. The pellet was air dried and subsequently dissolved in sample buffer (Pierce) containing dithiothreitol with a final concentration of 50 mM. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) was carried out by the method of Laemmli (30) in a 10 to 20% gradient Tris-HCl gel (Bio-Rad Laboratories, Hercules, CA) in 25 mM Tris, 192 mM glycine, and 0.1% (wt/vol) SDS (pH 8.3). Proteins were stained with Coomassie R350 (GE Healthcare).
Deglycosylation of the protein with the EndoH enzyme (New England Biolabs, Ipswich, MA) was performed according to the manufacturer's instructions.
For N-terminal sequencing, proteins were subjected to SDS-PAGE and electroblotted onto an Immobilon-P transfer membrane (Millipore, Billerica, MA). After being stained with Coomassie R350, the protein of interest was cut out and subjected to N-terminal sequencing using an Applied Biosystems 476A sequencer (Applied Biosystems, Foster City, CA).
Isolation of the full-length SPC18 cDNA and sequence analysis. A 3-day-old submerged culture of R. solani was snap-frozen in liquid nitrogen and subsequently ground to a fine powder in a mortar. Total RNA was isolated using TRIzol reagent (Invitrogen, Paisley, United Kingdom). The forward degenerate primer SPC18#02 (Table 1) was designed according to the N terminus of mature SPC18 and adjusted for codon usage of R. solani. Codon usage was determined by analyzing the nucleotides of the coding sequences of the laccase, gpd, ABC transporter (partial), aromatic polypeptide, and ste3-like (partial) genes of R. solani (coding sequence of Gly, GGN 3 GGH; Ile, ATH 3 ATY; and Val, GTN 3 GTB; where N ϭ A, T, C, or G; H ϭ A, C, or T; Y ϭ C or T; and B ϭ C, G, or T). cDNA was made by using ImProm-II reverse transcriptase (Promega, Madison, WI), recombinant RNAsin RNase inhibitor (Promega), the degenerate primer SPC18#02, and the oligo(dT) primer (reverse transcription-PCR [RT-PCR] was performed for 5 min at 25°C, 60 min at 42°C, and 15 min at 70°C; PCR amplification was performed for 4 min at 94°C, followed by 35 cycles of 20 s at 94°C, 20 s at 47°C, and 2 min at 72°C, followed by 10 min at 72°C). To obtain the full SPC18 cDNA sequence, 5Ј rapid amplification of cDNA ends (RACE) was performed with a 5Ј/3Ј RACE kit (Roche, Basel, Switzerland) using the primers SPC18_SP1, SPC18_SP2, and SPC18_SP3 (Table 1) according to the manufacturer's instructions. The genomic sequence of SPC18 was obtained by PCR with the primers SPC18-fw1 and SPC18-rv1 (Table 1) using genomic DNA as a template (for 5 min at 95°C, followed by 35 cycles of 1 min at 95°C, 1 min at 54°C, and 2 min at 72°C, followed by 7 min at 72°C). PCR products were cloned into the pGEM-T vector (Promega) and sequenced using BigDye version 3.1 chemistry (Applied Biosystems) and analyzed on an ABI 730XL DNA analyzer (Applied Biosystems) according to the manufacturer's instructions. Hydropathy analysis of the protein was done according to Kyte and Doolittle (29) , using a window size of 11 amino acids (29) using ProtScale (16) . ProtParam (16) was used to calculate molecular weights, SignalP version 3.0 (4) was used to predict signal sequence, and ScanProsite (15) was used to predict N-glycosylation sites. Similarity searches were done with BLAST software against sequences in GenBank and SwissProt (http://www.ncbi.nlm.nih.gov/BLAST) and in fungal genome databases of the Broad Institute (http://www.broad.mit.edu/annotation/fgi/), the DOE Joint Genome Institute (http://www.jgi.doe.gov/), and the J. Craig Venter Institute (http://www.tigr .org/tdb/fungal/). DNA hybridization (Southern) was done according to Schuren et al. (43) . Genomic DNA of R. solani was digested with HindIII and hybridized with the probe that was derived by PCR with the SPC18-fw1 and SPC18-rv1 primers (Table 1 ), using genomic DNA as a template.
Overexpression of SPC18 in Escherichia coli. The coding sequence of SPC18 was amplified by PCR with the RSFWTotalSPC18 and RSRVSPC18 primers (Table 1) , using cDNA as a template (for 5 min at 94°C, followed by 35 cycles of 30 s at 94°C, 30 s at 55°C, and 1 min at 72°C, followed by 7 min at 72°C). The cDNA fragment was cloned into pET11a (Promega). The recombinant SPC18 (recSPC18) protein was expressed in E. coli BL21 by isopropyl-␤-D-thiogalactopyranoside induction. Inclusion bodies were isolated by sonication of the cells in ice-cold 10 mM Tris-HCl, 3 mM EDTA, and 1ϫ protease inhibitor (Roche), followed by centrifugation at 4,000 rpm for 10 min. Finally, inclusion bodies were purified by centrifugation at 75,000 rpm for 1 h using a Beckman TL-100 machine and were dissolved in 20 mM Tris-HCl, 100 mM glycine, and 8 M urea.
Preparation of antibodies. Polyclonal antibodies were raised in rabbits, using the mature SPC18 (anti-SPC18) protein or the recSPC18 (anti-recSPC18) protein that had been cut out of an SDS-polyacrylamide gel (Eurogentec, Seraing, Belgium). Immunoglobulin G was purified from the serum by using a Melon gel immunoglobulin G purification system (Pierce) according the manufacturer's instructions.
To analyze the specificity of the recSPC18 antibodies, we performed preabsorption control experiments. Protran nitrocellulose membrane strips (Whatman, Maidstone, United Kingdom) were bound with 12 g, 60 g, and 300 g of recSPC18 protein. Then, the strips were washed three times for 10 min each with 0.4% Marvel milk powder, 0.1% Tween 20 in phosphate-buffered saline (PBS), followed by three washes with PBS for 10 min each. After being washed, the strips were blocked with 10% calf serum for 10 min and twice for 5 min in 1% BSA-c in PBS. Thereafter, the strips were incubated with anti-recSPC18 antibodies (3 mg/ml) diluted 1:10 in 1% BSA-c in PBS overnight at 4°C. The serum that was preabsorbed with the recSPC18 protein was used to label Lowicryl HM20 sections (as described above). Labeling of preabsorbed serum was compared with the labeling of serum that was not preabsorbed. The antigen-antibody complexes were visualized by incubation with protein A (1:80) conjugated with 10 nm gold. Sections were not contrasted with uranyl acetate.
Immunoblot analysis. After SDS-PAGE, proteins were electroblotted onto an Immobilon-P transfer membrane. After being blocked with 3% TopBlock (Fluka, Buchs, Switzerland), the membrane was incubated with anti-SPC18 (1: 250) or anti-recSPC18 (1:500) antibody. This step was followed by incubation with goat anti-rabbit antibodies conjugated with alkaline phosphatase (1:15,000) (Sigma-Aldrich). These antibodies were detected by using 5-bromo-4-chloro-3-indolyl phosphate and nitro blue tetrazolium as substrate.
Chemical fixation and embedding in Spurr's resin. Samples were fixed overnight at 4°C in 1.5% glutaraldehyde (Agar Scientific Ltd., Essex, United Kingdom) buffered with 20 mM HEPES (pH 6.8). This step was followed by postfixation in 1% (wt/vol) aqueous osmium tetroxide (EMS, Hatfield, PA) for 1 h at room temperature. Samples were gradually dehydrated in a series of ascending concentrations of acetone, followed by a gradual infiltration in Spurr's resin (45) . The resin was polymerized at 65°C for 48 h in BEEM capsules (EMS).
High-pressure freezing, freeze substitution, and Lowicryl HM20 embedding. Mycelia were high-pressure frozen and freeze-substituted (36) . Sections of about 90 nm and 350 nm were contrasted with 4% (wt/vol) aqueous uranyl acetate (Merck) for 10 min and with 0.4% (wt/vol) aqueous lead citrate (Merck) for 2 min (54). For immunogold labeling, mycelia were freeze-substituted with 0.1% (wt/vol) uranyl acetate and 0.01% (wt/vol) osmium tetroxide in acetone. SPCenriched fractions were high-pressure frozen (53) and freeze-substituted with 0.1% (wt/vol) uranyl acetate and 0.01% (wt/vol) osmium tetroxide in acetone. Thereafter, samples were low-temperature embedded in Lowicryl HM20 (36). 
RESULTS
SPCs of R. solani. The dolipore septa of R. solani are associated with perforate SPCs of about 1.6 to 2.0 m in diameter (Fig. 1A and B) . The dolipore channel may be plugged with electron-dense occluding material (Fig. 1A) , thereby blocking protoplasmic streaming. When they are open, the SPC and the dolipore channel allow passage of mitochondria (Fig. 1B) . ER parallel to the septum is connected to the SPC base (Fig. 1A) . In addition, the ER-specific fluorochromes ER-Tracker and BODIPY-BFA stained both the ER and the SPCs (Fig. 1C and  D) . The hyphal fragments obtained after the French-press treatment, which is the first step of the SPC enrichment procedure, were analyzed by staining with Alexa 488 conjugated to WGA, which labels the cell walls, the dolipore, and the SPCs (52) . It was shown that three treatments of 500 lb/in 2 each were sufficient to break the mycelia into small hyphal fragments and to release the mycelial content. Furthermore, fluorescence microscopy showed that cell walls, dolipore, and plug material were highly fluorescent, whereas the septal plate showed hardly any fluorescence (Fig. 2) . SPCs from R. solani were enriched after the combined use of the French press, isopycnic centrifugation, and Triton X-100 (Fig. 3A) (53) .
Molecular cloning and sequence analysis of SPC18. A protein with an apparent molecular mass of about 18 kDa was enriched in the SPC-enriched fraction (Fig. 3) and was named septal pore cap 18 (SPC18) protein. The N-terminal amino acid sequence of the SPC18 protein was determined to be RIIAPPSVPRAMGDVIVLQP, and, after we performed RT-PCR and 5Ј RACE PCR, we obtained the complete cDNA sequence (Fig. 4) . The open reading frame consisted of 477 bp encoding a protein of 158 amino acids, with a predicted molecular mass of 17,664 Da. Homologous genes or proteins were not found in the sequence databases or in any of the sequenced Fig. 4]) . Indeed, enzymatic deglycosylation of SPC18 resulted in a reduction of the molecular mass from about 18 kDa to about 16 kDa (Fig. 5A) . Localization of SPC18. The polyclonal antibodies that were raised against mature SPC18 (anti-SPC18) and against the recSPC18 (anti-recSPC18) recognized SPC18 before and after enzymatic deglycosylation (Fig. 5B and C) . Anti-SPC18 antibodies localized SPC18 at the electron-translucent portion of the dolipore swelling, the SPCs, and the plug material (Fig. 6) . The dolipore swelling was more densely labeled with gold particles than the SPC (Fig. 6A) . The label intensity at the SPCs was denser in sections of SPC-enriched fractions (Fig.  6B ) than in hyphal sections (Fig. 6A) . Furthermore, label preferentially localized at the plug periphery (Fig. 6C) . Because anti-SPC18 antibodies were raised against the mature SPC18   FIG. 4 . Nucleotide sequence and deduced amino sequence of the SPC18 gene from R. solani. Numbers at the left mark the position of the nucleotide residues. Numbers at the right mark the position of amino residues (mature protein). The single underline represents amino acid residues determined by Edman degradation. Amino acid residues of the signal peptide are shaded; the amino acid residues that are underlined with ϳϳϳ represent the N-glycosylation site; and the FKEL N terminus is doubly underlined. The position shown by the OE is the cleavage site of the putative signal peptide; the residues in boldface represent the position of the degenerate primer; the positions showed by V (1 and 2) are the two intron sites; and the asterisk ( * ) represents the stop codon. The intron sequences are shown separately, and the typical fungal 5Ј and 3Ј intron splice sequences are underlined. The GenBank accession number is EF636668. that was glycosylated, sugar residues may have induced an antigen response. Therefore, sections were treated with a periodate or were labeled with an antiserum directed against beta-1,6-glucan to block these sites for subsequent labeling with anti-SPC18. Both treatments did not inhibit anti-SPC18 antibodies from labeling the electron-translucent portion of the dolipore swelling (results not shown). Still, recognition of sugar residues by anti-SPC18 antibodies cannot be completely ruled out. Therefore, antibodies were generated against the nonglycosylated recSPC18 protein. The anti-recSPC18 antibody labeling is specific to SPC18, as was shown with preabsorption experiments. Anti-recSPC18 antibodies were incubated with the recSPC18 protein that was bound to nitrocellulose membrane. Binding of the antibodies to SPC18 was confirmed by secondary antibody labeling using goat anti-rabbit peroxidase (result not shown). Antibodies that were not preincubated with recSPC18 protein revealed about 80% SPCs (of 10 SPCs) with 3 to 9 gold labels, whereas antibodies preincubated with 300 g of recSPC18 protein showed significantly reduced labeling, namely only 5 labeled SPCs out of 14, with 1 to 2 gold labels each (Fig. 7) . These anti-recSPC18 antibodies localized SPC18 at the SPCs and the plug material but not at the dolipore swelling (Fig. 8) . The label intensity at the SPCs was denser in sections of SPC-enriched fractions than in sectioned hyphal tissue, as was also shown with anti-SPC18 antibodies. Label preferentially localized at the basal parts of the SPCs (Fig. 8C and D) and at the periphery of the plug (Fig. 8E) .
DISCUSSION
The divergence of the Dikarya lineages (Ascomycota and Basidiomycota) from the nonseptate basal lineages of the Fungi (Glomeromycota, Chytridiomycota, and Zygomycota) coincided with the occurrence of regularly septate hyphae. It appears that following these evolutionary innovations, two different strategies evolved to plug the septal pores during stress or hyphal damage. Filamentous Ascomycota (i.e., Pezizomycotina) seal their septal pores with Woronin bodies that are associated with the septum (24, 32, 56) . In contrast, SPCs seem to fulfill this role in higher Basidiomycota, viz., Agaricomycotina (1, 31, 38, 50) . Several main morphotypes of the SPC exist, namely, vesicular-tubular, imperforate, and perforate, and it seems that they have arisen from the ER or that SPCs and ER both share a common ancestor (51) . About 50 years after the first transmission electron microscopic observation of SPCs in Trametes versicolor (cited as Polystictus versicolor [17] ), we enriched and biochemically analyzed perforate SPCs from the Agaricomycotina group for the first time, using R. solani as the model species. Here, we describe a novel SPC protein that resides in the SPCs and in the septal pore-plugging material in the hyphae of R. solani. Therefore, the newly identified SPC18 protein may have a role in dolipore plugging in basidiomycetous fungi.
SPC18 has an apparent molecular mass of 18 kDa and was isolated from the SPC-enriched fraction of R. solani. This protein has a hydrophobic signal sequence and is N glycosylated. These features are characteristic for proteins that are targeted and imported into the ER (6, 20, 28) . The putative ER nature of SPC18, the connection of the ER at the base of SPCs, as well as the clear staining of SPCs with ER-specific fluorochromes (12) strongly support the possibility that SPCs are part or are even specialized subdomains of the ER, as has been speculated before (9, 38, 55) . Southern analysis showed the presence of a single SPC18 gene in the genome, but allelic variations may occur, as was shown by the nucleotide variation of the genomic sequence. The cause of this variation is unknown, but it may be caused by the multinucleate nature of the R. solani strain that was used. However, the observed sequence variation did not alter the amino acid sequence. It is rather surprising that SPC18 was not found in the genomes of other basidiomycetous fungi that have dolipore septa associated with SPCs, like Coprinopsis cinerea (33) and Phanerochaete chrysosporium (cited as Chrysosporium xerophilum [7] ). This suggests that SPC18 is a species-specific component of the SPC of R. solani and, possibly, of its close relatives. Subsequent characterizations of other SPC proteins and/or SPCs of other basidiomycetous fungi could reveal a common SPC component that also would provide evidence for the evolutionary history of these organelles. After we performed immunogold labeling studies, we observed that SPC18 was located at both the SPC and the plugging material. The putative presence of glycoproteins in both the SPCs and the plug material was shown by labeling of SPCs (52) and plugs ( Fig. 2) with WGA, a lectin that detects Nacetylglucosamine groups (40) . In addition, a previous study by Müller et al. (36) already showed the presence of sugar moieties in the plug of Trichosporon gamsii (cited as T. sporotrichoides) by 1,6-␤-glucan labeling. Next to the labeling of the SPC and plugging material, the anti-SPC18 antibodies also showed labeling of the dolipore swelling, which was not observed with the anti-recSPC18 antibodies. This unspecific labeling may be the result of antibodies that were raised against the glycosylated SPC18 isolated from the protein pool extracted from the SPC-enriched fraction. Therefore, the antibodies raised against the recSPC18 are superior to the anti-SPC18 antibodies because there is no cross-reactivity with sugar residues or with other fungal proteins or components. Furthermore, we showed that the anti-recSPC18 antibodies specifically recognized the SPC18 protein on nitrocellulose membrane, as well as on sectioned material. After the preabsorption with rec-SPC18 protein was performed, we observed much less labeled SPCs. Those that were labeled showed a significant reduction of gold label. We found only one or two gold labels on those SPCs that were labeled, compared to between three and nine gold labels on the nonpreabsorbed control of labeled SPCs. These results clearly indicate that the anti-recSPC18 antibodies specifically bind to the SPC18 protein.
In the labeling studies, we also found that SPCs in the SPC-enriched fraction labeled more intensely than when intact hyphae were sectioned and labeled. This difference could be explained by the fact that the SPC-enriched fractions were treated with Triton X-100, which might increase the accessibility of protein epitopes in the SPCs to the antibodies. Furthermore, it should be noted that the plugging material was not always labeled and that labeling was observed mainly at the (52) . Possibly, the treatment to enrich the SPCs may have generated freshly formed dense plugs, and SPC18 that localized in these plugs came from the SPCs that act as repositories of SPC18. However, in time, pore plugs lose their reversible character and become more permanent (11) . During this process, SPC18 can be modified in such a way that the antibodies cannot detect it anymore. Finally, the base of the SPC, which is the part that is connected with ER, was also found to be preferentially labeled. This difference in label intensity suggests that SPC18 proteins are extremely packed in the SPC or exist in different conformations or both. Alternatively, other unidentified proteins may reside in the central parts of the SPC and plug. In addition, the buoyant density of the isolated SPCs lies between 1.24 g/cm 3 (50% sucrose at 4°C [14] ) and 1.36 g/cm 3 (70% sucrose at 4°C [14] ) and is higher than the 1.1-g/cm 3 density of ER (8) . The higher density can be explained by these packed proteins stored in the SPCs (27) .
We hypothesize that the SPC18 protein is targeted to ER where glycosylation takes place. As the ER is continuous with the base of the SPC, SPC18 may then be transported from the ER lumen to the SPC (37). Furthermore, modifications of the N-glycan group on SPC18 may occur in the ER or possibly also in the SPC that define the destiny of the protein. The transport route of SPC18 from ER to SPC to the cytoplasm at the dolipore is different from the secretory pathway where proteins are destined for the Golgi compartment, endosomes, lysosomes, the plasma membrane, or the extracellular environment. It more closely resembles the retrotranslocation route from ER to cytoplasm of misfolded proteins (34) or an unknown mechanism for the export of small glycoproteins (46) . SPC18 is then deposited in the SPCs until it is instantly released in case it is needed to plug the dolipore. The filaments between the inside of the SPC and the plugging material (38, 39, 41, 53) may transport or guide SPC18 from the SPC to the orifice of the dolipore. During this transport, the SPC matrix may become more electron translucent at sites where filaments are attached at the inside of the SPC (36, 38) . Furthermore, other posttranslational modifications of the SPC18 protein may be of importance and need further investigation. Juvvadi et al. (26) showed that protein kinase C phosphorylation of the HEX-1 protein is needed for multimerization of the protein and proper localization in Woronin bodies in Ascomycota. As ATPase activity was found at the plug site (42) , phosphorylation of the SPC18 protein or other unidentified proteins that are part of the SPC-dolipore-plugging complex might also play 
